Generating neurons from stem cells.
Recent work shows that major developmental and clinical processes such as central nervous system regeneration and carcinogenesis involve stem cells (SCs) in the brain. In spite of this importance, the requirements of these SCs and their differentiated offspring (neurons, astrocytes, and oligodendrocytes) for survival and proper function are little understood. In vivo, the SCs themselves interact with their environment. This "SC niche" may be complex because it likely includes cells of the vascular and immune systems. The ability to maintain (1) and differentiate (1 -4) central nervous system (CNS) SCs in tissue culture where they can be pharmacologically or genetically (5) manipulated provides a powerful starting point for understanding their behavior. We present detailed information on the methods that permit CNS SCs to differentiate into functional neurons in tissue culture. Important aspects of the culture systems include (1) homogeneity, so that the input and output of a manipulation is known to involve the SC itself; (2) growth in monolayer to visualize and study individual SCs and their offspring; and (3) the use of fully defined culture components to exclude unknown factors from the culture. These conditions support the differentiation of functional, electrically active neurons. These methods allow cell growth and differentiation from normal adult and diseased tissue derived from both animal models and clinical samples. Ultimate validation of such a system comes from accurate prediction of in vivo effects, and the methods we present for CNS SC culture have also successfully predicted regenerative responses in the injured adult nervous system.